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Optimization of Extraction Process of Total Phenols and Total Flavonoids from Hyperici

Perforati Herba by the Box — Behnken Response Surface Methodology
ZHOU Kun,MA Liang” ,LIU Chunfang,GUO Yuehan,CHEN Hui
(Wuhan Mental Health Center + Wuhan Psychological Hospital ,Wuhan ,Hubei 430012, China)

Abstract:Objective To optimize the extraction process of total phenols and total flavonoids from Hyperici Perforati Herba. Methods The
NaNO, — Al (NO,), — NaOH method and Folin — Ciocalte reagent method were used to determine the content of total phenols
and total flavonoids by the ultraviolet spectrophotometry at wavelengths of 760 nm and 510 nm,respectively. With the liquid - to -
material ratio, extraction temperature, ethanol volume fraction, and extraction time as the evaluation factors, and with the
comprehensive score of the extraction rates of total phenols and total flavonoids as the evaluation index, the Box - Behnken
response surface methodology was used to optimize the extraction process, and the validation test was conducted. Results The
optimal extraction process was as follows: the liquid — to — material ratio was 23 :1,the extraction temperature was 46 °C, the
ethanol volume fraction was 60%, and the exiraction time was 50 min with two extraction times. Under this extraction process
condition, the extraction rates of total phenols and total flavonoids were 10.08% and 8.28%, with RSDs of 1.27% and 1.42%
(n = 3),respectively,and the comprehensive score was 98.62. Conclusion The extraction process is stable and feasible,which can
be used for the extraction of total phenols and total flavonoids from Hyperici Perforati Herba.
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A3 A0 B B R AR 1 mL A% 205 g B TR 305 wg
TR IR SR IR W o

T & 22 kMR AR (i 250 ) 1. 0 o, K% FR
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A4S 1.0 mL, 435 B 25 mL ELZE L b g
17K 5 mL AEAKERRF 1. 5 mL, 3247, 8% 0 1 min, 7
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TR TR T A v 43 i #E 8. 20 ~ 82,0 wg / mL,
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K 8 BEIREG 0 B 2. 1. 2 300 R B TR AT IR
b 85 W (5 5 R B 8 205 g / mL) 7 T %8 R I 5 Y
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FEW A T, 42, 13T ik i, 4 51 F 760 nm Al
510 nm 37 4 A0 2 BB TR M T RO BE L 45 SR Y
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TR, 9T BAJE0,15,30,45,60 min B T 760 nm
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52 J5 T 60 min ARG E TR BLAT
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Pl AR S AL B L. O mL, 4T 240, 4% 2. 1. 3T
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THRBGEE o0 kU 55 "CoEILIE 1 B,

CARTR B OB I &2 22 AR B By oK (G 2 5977
1.0 g, WG BFRE , AT 4 03, 4390 B 50 mL H S HE L il
o T 25 AR A0 5 R 45% , 60% , 75% ,90% Y
VAT, 55 CHRLEE T 2 HL 60 min, #2 2. 1. 2 100 7 3% 1l
A A, F 2. 1. 33 R ik R A8, 4300 T 760 nm
F510 nm PR AL E BB FIR 5 T ROGEE AR A TR
VA5 AR5 R R B ), 5 SRR BN
S B IR BCRZE A TR I RE R 45 2R O B AR R )
M 45% ~ 60% I, Bl | B EHEBCR 25 50 &
TR ZBEARFR BN 65% IR, S | R R R
RINLEA T e, Z )5 2 TR, R4 228k
Fh R R T S DA S R A 2 SR R AR M K
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A. Liquid — to — material ratio B. Extraction temperature C. Ethanol volume fraction D. Extraction time

Fig. 1 Results of the single factor test
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T 60 min [N, G G R 4 R RGP 4y To ] B A
b, AR B RER 73 Sy S B 2 A3 2 X 60 min £ 42 X
SEA LA % TE , Box — Behnken W N7 [ 72538050 58 11 HE B
sf [i] s A 6 PR 60 min FEULIE 1 D,
2.5 Box-Behnken NINMEEIASES S EIHETZ
2.5.1 RFkifio-20]

ST T P SR BOR B R S BLVE B 455
Az P AR B SCHR[20 = 21 ], B S UK BCh 2 1 AR
BHE(EZR A) FEEUREE (H R B) LA (HZ C) |
SEIU B (PR ZR D) B 4R 2R, DLR M | o I 4 I
W25 A TR R PEN $8 5 , SR ] Box — Behnken M i T 1
e HEH T 2 M4 Box — Behnken i 7 T 92 Hp O 4H &
JEHR L TE 4D PR R0 S BOE R P R 3K
RIIRAE ] = 1,0, + TR SR UL KRS
R 2,

*1 BEFRSKE

Tab.1 Factors and their levels

KE - EEFAME) BEBCC) BWEC(%)  BZED(min)
-1 20 45 50 45

0 25 55 60 60
+1 30 65 70 75

2.5.2 HABA LT E

[\ U9 5 2 : K FH Design — Expert 8. 06 #X {4 X%f %2 h
R EAT Z2 e M LA 00T A OB (I R A) (42
BUREE (NEB) LR E (R E C) FEHa) ([
ZD)HLGAWES (V) Z gk mIE 2 Y = 97.37 -
1.254-2.00B-2.93C+0.93D~1.34AB-2.33AC +
3.07 AD - 4.75 BC + 0.88 BD — 0.80 CD - 5.56 A% +
2.13B2-9.03 C? - 4.72 D%,

Tr 2T A5 3, T UL B FIoA 1172, 75,
F=40.62,P <0.000 1, 3% @7 iR R H A7 20
HZEAKWZEB HECHEDWPHEE/NT0.05,FE
¥IRTF 5. 00, F 0 A ge B AY 4 A R R B 22 5004
R SR R B MK /MK R BRI H > Hi
BB > WoRk LG > I ] ; Z2on gt A i LA,
B,C,D,AC,AD,BC,A?,B*,C?, D11 Wi 725 X 455 V4%
FILE MR 1 38 (P < 0. 05) 3 Z2 04 PR M 75 F— Ik
b BOREHE SRR | 2 BB RO 25 AT Y
A P4 S AR AR DG, B BT (i) 222 1A OG5 22 04k I A
PRI, A2, €2, D2 X £5 A T 43 10 5% e 34 2 A
K, B2EIEA G, Horp DL 20 B R R0 B0 A 5 W) e
WORHH IR 2 s Z ek RS B AD , BD X235 1T
Ay B S 3 5 E A G  AB,AC, BC, CD ¥ 5 A G, H:
H1 L BCRTZEA PR S R B 3 L AD IR 2.

%2 Box - Behnken I N %IRRT 5 &R
Tab.2 Design and results of the Box — Behnken response

surface methodology

B5 AEA BEB AEC BED — )
BB REW
1 -1 0 0 -1 10.01 7.03 90. 77
2 0 1 -1 0 9.31 8.35 95.24
3 0 1 0 -1 8.85 7.87 90. 13
4 1 0 -1 0 7.57 8.23 86.03
5 0 -1 1 0 9.33 8.19 94. 38
6 0 1 1 0 9.44 5.82 80.77
7 1 -1 0 0 10.10 7.95 96. 70
8 0 0 -1 -1 8.68 7.28 85.78
9 0 1 0 1 9.72 17.75 93. 66
10 0 1] 1 -1 9.13 5.71 78. 61
11 -1 1] -1 0 9.31 6.85 86. 29
12 -1 1 0 0 10.04 7.71 94. 98
13 1 0 0 -1 7.76  7.52 82.72
14 1 0 1 0 8.24 5.72 74.32
15 0 0 1 1 9.67 6.20 84.16
16 1 1 0 0 9.69 7.43 91. 60
17 -1 0 0 1 7.57 1.97 84.48
18 0 -1 -1 0 8.62 8.01 89. 84
19 0 -1 0 -1 10.08  8.08 97.38
20 0 0 -1 1 8.17 8.09 88. 12
21 -1 0 1 0 10.25 5.68 83.89
22 1 0 0 1 8.17 8.19 88.72
23 0 -1 0 1 9.62 8.22 95.97
24 -1 -1 0 0 9.57 8.05 94.71
25~29 0 0 0 0 9.71 8.38 97.37

5 W) PR 28 28 AR FH A e o7 T ] < pl e 3 T L, AR
WS AR AL P < 0.000 1, 2% 480300 () 25 22 5F 7 Fil Ky
28. 87, KRNI P > 0. 05, F BRI & B4 5, AT
5 2 AL, 30 I {5 A S R B, R R L
AT 44 F AR B CRORH L PR BURTE | ZBER
R0 SR [a] ) 55 PR AR d OBV | R B R B Y 25
BVES ) [H] L6 56 2 0] FZ AR IR T 34 5 pea R 4L
R>=10.987 9,R =99. 40% , £ WA 99. 40% R BURLZE A
VRO AR 22 A B F L 44~ A28 & AUAFTE 0. 60% Ry Al
B AR 25 N i 22 e 26 M [m1 05 ) 8 e fige Ao O LA 18
P A Design — Expert 8. 06 84, tH 5 ok 2
TR | AR A0 50 FRERURS 1R Xof s I | o 4R R
LR VT35 i (1) — 2 ) 7 18 &1 o T AL, $ B 1] 5 80
Lo CEEAARF B Ok BRER ) 5 2 AR R
PRI (] 5 PR BRI | LA R4 S PR R FE SR IO
JEE SR LR = e 1 T R R 1 )R BE D P 1T
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Tab.3 Results of the ANOVA

HERR BEFIZA AWE  HA FE Pia
A 1172.75 14 83.77  40.62 <0.000 1
A 18.82 1 18.82 9.13 0.009 2
B 43.04 1 43.04  23.30 0.000 3
C 103. 04 1 103.04  49.97 <0.000 1
D 10. 31 1 10. 31 5.00 0.042 1
AB 7.21 1 7.21 3.50 0.0826
AC 21.67 1 21.67 10. 51 0.0059
AD 37.76 1 37.76 18.31 0.000 8
BC 90. 25 1 90. 25 43.77  <0.000 1
BD 3.13 1 3.13 1.52 0.2380
CD 2.57 1 2.57 1.25 0.2830
A? 200. 56 1 200.56  97.26 <0.0001
B? 29. 48 1 29.48 14.30 0.0020
c 529.37 1 529.37 256.71 <0.000 1
D? 144.75 1 144.75 70.19  <0.000 1
KA 28. 87 14 2.06

FEEN 28. 87 10 2.89 0.29 0.3300
®#E 0. 000 4 0. 000

BB E 1201. 62 28

e RS EN IR o Qe N e EURINA R SN ¥
5 [ X I = 2 W) N7 TR Ay g B8 2 P 14 o AT, U] 7
55 AR ] ) PREOS R I FAR SR Ai ) —Ju MR & SR
Z2 RN IR 5 AR WOR} LE BRI | £ PR AR

A

65

s =
09 }57 = - 65}
- 0
BRHH Smin 00 4545 B/ C LR %
D

E

B ARBURE 52581 M S R v BEE & 2L PR L
& 2. K FH Design — Expert 8. 06 8 {443 Hr &t , 10 4 7
HI AR BT 25 O 22. 647 3R BUR E 45. 8 °C, Z
FEAARFR 040 59. 4% , $EEUTE] 49. 9 min %251 T HE i
PEIT4 4 98. 44, B R ICR R 9. 91% , S B 2 RN
8. 39% AT SR B T2 BB o L 2345
PEHURLEE 46 °C, L FAAT 51 60% , FEHU [E] SO min 4T
BAIFIR
2.5.3 KR

B4 22 BAR R R (3 2455 ) 5. 0 g, K 2% FR
FE AT 308, 2345 60% £ FEIR I, 46 CHRE T $2 5L
20K, BEYR 50 min, 32 2. 1300 R J7 7800 5 R L R BT
L% 2. 200 P AR AR BOR #2230 AR
R VAT o 45 5 By B B ) B2 B 43071 R 10. 08%
H18.28%,RSD 435K 1. 27% F1 1. 42% (n = 3) , L5 5 1F
430 98. 62, 5 FUIE HE A4 i, & W12 55 AU $0 I ) o

Bk R4 o
3 ifig

TE AR i — et IS 8 6 A T O A B
Z At F YOI T, IR 45 R AL RE 45 ) B LE P ZOK
S A JoE A Ak T R R KT 4 DXk AR, B
AR AL R INR KRS, AR T2
SRS~ 207 o T W) SO TR 5 8 e 0 Wi o7 THT 45 (R )
T FRER T EZS 8 K2 HERLR T AR
AR AR B A Ik Z I A T R R B 1

LAITS
102

65

60 s~ 2 g 60
LRHATRINEL ) % 50 20 TORHE /i FLIEF 1] / min 45 50 RHRTRINEL ) %
B C
| g

28 2
26

24
WORLE /4%

: 55
50 4
50 45 PRIUREE 1 °C

Q) -
4520 2

F

FRIURE / °C

A RICEHE] - RAHE B, SEARRS M - &AL CORIRAETE - ZERBRSE DRI - RIUGRE E. LEARS K -

RBURE

FRBGRE - AT

B2 &XMERZEEAXGEE TSR =400 5 m E

A. Extraction time — liquid — to — material ratio

fraction D. Extraction time - extraction temperature

B. Ethanol volume fraction — liquid — to — material ratio

E. Ethanol volume fraction - extraction temperature

C. Extraction time — ethanol volume

F. Extraction temperature — liquid - to —

material ratio

Fig.2 3D - response surface map of the interaction effects of various influencing factors on the comprehensive score
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A XN R B iR A (AR5 R MR & KT
{4 S B L) A 1 {FL A T e ARG (L0 - 200 By, Bk 4
YRR T 2R 2 UL G 220k T 4Pk R BB 4
VE R B —TPA d8 A5, (HIF R 5 IR T 22 Bk 5t i
G 2R S R NG YE RSy, HL A R 28 T M
P& 2206 2R B4 22 Bk ) 5 28 15 Pk 4y
(M iz 38 & 226 ) B S RIIRER TR |, &) AL
P2 WU T8 T bl oy 32 PR SR L TR M 5 4, Tl G 7R v
T T 4 T A9 -0 45 Ao A i R PR B8 b £ 8 LT 1 2 4
BT 209 G o A 9 rh e 5 AT SR HUSOR =y A X
TR IR BEAEAR 3 08 2 G5 R o P 7 I el B 2
BOE IR BUREY BB , LA 3 IR BRI 251 T
WrFa b , 188 o 5P 2R R R OGS R 2R e o5 i — 2P
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